Introduction {#sec0005}
============

Rotator cuff injuries (RCIs) are frequent, and commonly associated with trauma or degenerative tendon disease; they vary in size and number of tendons involved.[@bib0115], [@bib0120] Their prevalence is high and ranges from 7% to 40%, increasing with age.

The pathogenesis of RCIs is multifactorial and still controversial[@bib0125]; however, they have been related to the shape of the acromion.[@bib0125], [@bib0130]

RCI diagnosis is essentially clinical, through a detailed history of the symptoms and their characteristics, as well as a thorough physical examination, which allow evaluation of the integrity of the rotator cuff and the presence of subacromial impingement.[@bib0135], [@bib0140]

Simple shoulder radiography allows the visualization of important indirect signals, such as sclerosis and cysts in the acromion and in the greater tubercle, which are indicative of chronic impingement. It also indicates the morphology of the acromion[@bib0145] and the measurement of acromiohumeral space (distance between the anterior acromion and the highest part of the humeral head in the anteroposterior view), which ranges from 7 to 12 mm and may be reduced in rotator cuff injuries.[@bib0150], [@bib0155], [@bib0160] Increased retroversion of the glenoid cavity and increased lateral projection of the acromion are related to a higher prevalence oRCI.[@bib0145], [@bib0165]

Through a retrospective study, the authors aimed to assess whether a new radiological parameter, the critical shoulder angle (CSA) developed by Moor et al.,[@bib0165] is related to RCI.

Material and methods {#sec0010}
====================

This study was approved by the Research Ethics Committee of the institution. Radiographs of 46 study participants (46 shoulders) who underwent surgery for RCI were analyzed, attended to at the outpatient clinic of this service. Inclusion criteria were individuals with lesions confirmed by magnetic resonance imaging (MRI) and in the intraoperative period. Two individuals with RCI due to traumatic causes were excluded, as the main aspect of the study was chronic degenerative lesions; therefore, 44 patients (44 shoulders; 18 men and 26 women) formed group 2.

Control group (group 1) consisted of 35 randomly selected individuals of both sexes, aged 45 years or older, attended to the outpatient clinic due to non-shoulder orthopedic complaints and who never had any shoulder symptoms. They were invited to participate in the study and received information about its objectives and methods. After a positive response, they signed the informed consent form. Participants in group 2 underwent the same steps. Exclusion criteria were patients with radiographic tests that indicated shoulders with evidence of glenohumeral osteoarthritis, rotator cuff arthropathy, prior surgery, infection, humeral head necrosis, history of shoulder girdle fractures, and calcareous tendinitis in such shoulder. One patient was excluded; therefore, control group comprised 34 individuals, 15 men and 19 women.

The study included 78 participants (78 shoulders), 34 in the control group and 44 in the affected group.

Epidemiological analysis was initiated by completing the form described in [Table 1](#tbl0005){ref-type="table"}. Then, shoulder radiographs in anteroposterior view with correction of glenoid anteversion (true AP) were assessed; a vertical line connecting the upper border of the glenoid (point A) to its lower border (point B) was drawn. Subsequently, another line from the lower edge of the glenoid (B) to the lateral portion of the acromion (point [C]{.smallcaps}) was drawn, forming the CSA, as shown in [Fig. 1](#fig0005){ref-type="fig"}. Pursuant to Moor et al.,[@bib0165] radiographs considered as acceptable were those with internal or external rotation variation of up to 20°.[@bib0165] Such variations of rotation, whether internal or external, are easily identifiable by the oval shape assumed by the glenoid cavity, making it impossible to delineate the upper and lower bone margins.Fig. 1Drawing of critical shoulder angle measurement (CSA).Table 1Epidemiological analysis sheet.Table 1*Epidemiological analysis* Code: Age: SexF ( )M ( ) Cuff injuryYes ( )No ( ) Dominant limbRight ( )Left ( ) SideRight ( )Left ( )Both ( ) StatusOperated ( )Non-operated ( )

First step of the analysis was to assess the normality of data in each group, in order to define the type of comparison test to be used. The *t*-test was utilized to compare means when the distribution was normal; the Mann--Whitney test was employed when normal distribution was not observed. The Anderson--Darling (AD) normality test was applied.

Student\'s *t*-test for independent samples was used to compare means of the groups. However, in the selection of the appropriate *t*-test, homoscedasticity was tested using the *F*-test for two variances.

In a second analysis, patients were classified as 1 or 2, according to the angle observed; those who presented angle greater than 35° were classified as 2 and those lesser than 35° were classified as 1. After classification, the Chi-squared test was applied to assess the presence of a dependency relationship between the group to which the patient belonged and their angulation status.

All analytical procedures were performed in Action,[\*](#fn0005){ref-type="fn"} which uses the software R (R Development Core Team, 2015),[@bib0170] and a 5% significance level was adopted. The statistical analysis procedures used in this study are described by Triola[@bib0175] and Ayres et al.[@bib0180]

Results {#sec0015}
=======

Mean age was similar in both groups. Both had a predominance of women: 44.9% in the control and 59.1% in the affected group. Regarding side, most patients (55.9%) in group 1 had the left side affected. In turn, in group 2, the right side was predominant: 72.7% of cases.

[Table 2](#tbl0010){ref-type="table"} shows the distribution statistics for patients stratified by sex and age.Table 2Distribution by sex and side.Table 2Group 1[:]{.smallcaps} ControlGroup 2[:]{.smallcaps} Affected*n*3444Mean age (years)59.97 (45--84)59.75 (45--84)Sex19 women (55.9%)\
15 men (44.1%)26 women (59.1%)\
18 men (40.9%)Side15 right (44.1%)\
19 left (55.9%)32 right (72.7%)\
12 left (27.3%)

[Table 3](#tbl0015){ref-type="table"} presents the distribution statistics for patients in the control group and in the affected group.Table 3Patient distribution.Table 3Crossed table12TotalAffected103444Control241034Total344478

In [Table 3](#tbl0015){ref-type="table"}, as CSA values above 35° were classified as 2, 34 of the 44 affected shoulders presented angles that fit into this category. In turn, in the control group, only ten of the 34 patients presented angulation higher than 35°.

[Table 4](#tbl0020){ref-type="table"} shows the CSA statistics for patients in the control group and in the affected group.Table 4Descriptive statistics of the angle from patients in the control group and in the affected group.Table 4FactorMinimum1° quartileMeanMedian3° quartileMaximumStandard deviationAffected303639.7539.543.75525.348875Control2830.7533.58823533.536423.36756

[Table 4](#tbl0020){ref-type="table"} indicates that the control group showed a mean of 33.58 (±3.36) and the mean in the group of patients with RCI was 39.75 (±5.34; *p* \< 0.007).

Mean and median values were relatively close, characterizing a data distribution tending to symmetry; this can be confirmed by the first and third quartile values, which tend to be equidistant from the median, as well as the relatively low standard deviation values in relation to the mean. The relative variability (CV) of the control group was 10.0% and of the affected group, 13.4%, which indicates internal homogeneity of the assessed groups.

The *p*-values in the AD normality test for the affected and control groups were 0.54 and 0.32, respectively. Therefore, it is observed that the angulation within each group followed normal distribution. Thus, the parametric Student\'s *t*-test is applicable for comparing averages of the two groups.

The *F*-test to verify whether the population variances of the groups could be considered statistically equal presented a *p*-value of 0.007; therefore, the variance of the two groups is statistically uneven and the *t*-test must be applied.

[Table 5](#tbl0025){ref-type="table"} presents the proportional distribution of patients between affected and control groups.Table 5Proportion of patient distribution.Table 5Proportion in the table12Affected0.1282051280.435897436Control0.3076923080.128205128

[Fig. 2](#fig0010){ref-type="fig"} presents means and standard deviation of the analyzed groups.Fig. 2Bar chart of the means of the angulation with the respective standard deviation of the affected and control groups.

The *t*-test applied to these results presented a *p*-value of 0.00006, i.e., highly significant; therefore, it can be stated that the angulation in the affected group is statistically different from that of the control group.

[Fig. 3](#fig0015){ref-type="fig"} shows the distribution of angles greater than and less than 35° in relation to the groups.Fig. 3Graphic of the angulation sectors greater than and lower than 35° regarding the affected and control groups.

A predominance of angulation greater than 35° was observed in the affected group, vs. a predominance of angulation lower than 35° in the control group.

The Chi-squared test applied to the results shown in [Fig. 2](#fig0010){ref-type="fig"} presented a *p*-value of 0.000006, indicating that there is a relationship between patient\'s group and angulation status (greater or less than 35°).

The contingency coefficient of 0.412 indicates that this relationship between angulation and patient group is moderate to strong, considering that maximum value of this coefficient is 0.71.

Discussion {#sec0020}
==========

In 1949, Armstrong[@bib0185] was the first to suggest a mechanical impingement between the acromion and the supraspinatus tendon. This theory was later confirmed and popularized by Neer.[@bib0135] Bigliani et al.[@bib0145] identified three distinct acromial shapes; the hooked type is more associated with RCIs.

More recently, Banas et al.[@bib0190] reported the association of the lateral inclination angle of the acromion with a higher prevalence of subacromial disease. These findings were also observed by Hanciau et al.[@bib0195] Nevertheless, Nyffeler et al.[@bib0130] introduced the concept of acromion index, suggesting that a greater lateral projection of the acromion would be a possible cause of this injury. Miyazaki et al.[@bib0200] have confirmed this correlation for the Brazilian population.

The pathogenesis of RCIs is known to be multifactorial. However, in 2013, Gerber et al.[@bib0205] proposed the CSA as a new possible cause; the CSA quantifies the extent of acromial coverage without being influenced by a flattening of the humeral head or excessive bone erosion of the posterior glenoid cavity, both of which are typically observed in glenohumeral arthritis. Furthermore, CSA reflects not only the acromial coverage, but also the glenoid inclination, integrating both risk factors into a biomechanical parameter.

The present results support the theory by Moor et al.,[@bib0165] as the CSA in patients with RCI was above the mean value observed in the control group. Other authors, such as Gerber et al.,[@bib0205] Spiegl et al.,[@bib0210] Moor et al.,[@bib0215] and Bouaicha et al.,[@bib0220] also found similar results. These observations are consistent with the concept that a healthy shoulder depends on a balanced mechanical overload. If the anatomic configuration differs from normal, as measured by CSA, an overload in the supraspinatus tendon can lead to rupture. In 2014, Gerber et al.[@bib0205] demonstrated in a biomechanical study that a high CSA may induce overload of the supraspinatus tendon, particularly at low degrees of active abduction.

Only radiographs were used to measure the CSA in the present study, since it was conducted in a public hospital that only serves the Brazilian Unified Health System. Moreover, other authors have confirmed that computed tomography or nuclear magnetic resonance are not necessary, as measurement by radiography is sufficient, as described by Spiegl et al.[@bib0210] and Bouaicha et al.[@bib0220]

The CSA was not measured separately for sex, dominant side, and affected side, as the studied population was relatively small.

Conclusion {#sec0025}
==========

This study supports the correlation observed by Moor et al.[@bib0165] between increased CSA value and increased RCI.
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